INTRODUCTION
============

Insulin resistance and hyperinsulinemia are associated with hypertension, impaired glucose tolerance, obesity and dyslipidemia ([@B1]-[@B4]). These factors are also closely related to the development of coronary heart disease. Hyperinsulinemia is characterized by low high density lipoprotein (HDL)-cholesterol and high low density lipoprotein (LDL)-cholesterol, which causes coronary arteriosclerosis. This reflects the rate of mortality due to cardiovascular diseases.

To date, euglycemic hyperinsulinemic clamp test has been accepted as a standard test that measures insulin resistance accurately ([@B5]). However, since euglycemic hyperinsulinemic clamp test is very complex as well as requires skillful technicians and many instrument, it has not been widely used in a clinical setting. Alternately, homeostasis model assessment (HOMA) index was designed to assess insulin resistance in many patients, in which the concentrations of fasting insulin and glucose are simply measured, and recently has been widelyused ([@B6], [@B7]).

Considering that insulin resistance is the risk factor for coronaryheart disease, it may be closely related to the prognosis of patients who underwent percutaneous coronary intervention (PCI). To date, however, few studies have been conducted to examine whether insulin resistance is correlated with the prognosis of patients who underwent PCI. Some studies have reported that severe coronary angiographic findings and stent restenosis were closely associated with insulin resistance ([@B8], [@B9]).

Based on the assumption that insulin resistance is closely associated with the complications after PCI or the prognosis after PCI, we conducted a 30-day follow-up clinical study to observe major adverse cardiac events (MACE) in patients who underwent PCI.

MATERIALS AND METHODS
=====================

Subjects
--------

In this study, we examined 98 consecutive patients with chest pain who underwent diagnostic coronary angiography between May and September 2004. We excluded patients who were treated for diabetes mellitus; those who were newly diagnosed as diabetes mellitus; those who had thyroid or adrenal insufficiency; those who underwent PCI for coronary heart disease within a recent 6-month period; and those who underwent primary PCI for acute myocardial infarction. The clinical diagnosis on admission was stable angina pectoris in 29.6% (29 patients) and unstable angina pectoris in 70.4% (69 patients). On admission, patients were interviewed to collect such data as the risk factors for coronary heart disease, the personal history of smoking, diabetes mellitus and hypertension, the family history and the past history of myocardial infarction or stroke. All patients gave informed consent according to a protocol approved by the Chonman National University Hospital Ethics Committee.

Blood samples and neasurements
------------------------------

In our patients, samples were collected from venous blood after overnight fasting, and blood chemistry was performed. Fasting plasma glucose and insulin were measured. Then, the following parameters were measured: 1) the concentrations of serum lipid including total cholesterol, triglyceride, HDL-cholesterol, LDL-cholesterol, Apolipoprotein AI (Apo AI), Apolipoprotein B (Apo B) and lipoprotein (a) \[Lp (a)\]; 2) leukocyte count, monocyte count, erythrocyte sedimentation rate (ESR) and high-sensitivity C-reactive protein (hsCRP); and 3) the concentrations of fibrinogen, fibrinogen degradation product (FDP) and homocysteine.

Insulin resistance was calculated by the homeostasis model assessment of insulin resistance (HOMA-IR), proposed by Mattews et al., whose formula was: HOMA-IR (mg/dL×U/mL)=fasting glucose (mg/dL)×fasting insulin (U/mL)/405 ([@B6]).

To determine cut-off points of the HOMA-IR as predictors of in-hospital and 30-day adverse cardiac events, receiver operating characteristics (ROC) analyses were performed. The area under curve (AUC) of HOMA-IR was 0.738 (*p*=0.006). Cut-off points of HOMA-IR for in-hospital and 30-day cardiac events, determined by ROC analysis, were 2.56, 2.60, respectively. Therefore, we used 2.6 as a cut-off point for the analysis in clinical usefulness. The cut-off point for in-hospital and 30-day adverse cardiac events yielded sensitivities of 66.8% and 77.9% and specificities of 68.2% and 70.2%, respectively.Based on the cut-off value of 2.6, therefore, we divided patients into Group I (the value of HOMA-IR \<2.6) and Group II (the value of HOMA-IR ≥2.6).

Coronary angiography and intervention
-------------------------------------

We accessed left or right femoral artery by the Seldinger method or accessed radial artery, and performed coronary angiography using the Judkins method. Coronary angiographic findings were interpreted by two examiners who were blinded to patients\' profile of insulin resistance. Significant stenosis was defined as a luminal narrowing of 50% or greater ([@B10]).

PCI was performed according to current clinical practice at physician\'s discretion. Stenting was performed in cases whom percutaneous balloon dilatation produced suboptimal results that the residual stenosis was more than 30%, and the dissection was developed ([@B11], [@B12]). On diagnostic coronary angiography,the patency of the treated artery was evaluated by the Thrombolysis In Myocardial Infarction (TIMI) score. Successful reperfusion following PCI was defined as TIMI III flow with \<25% residual stenosis ([@B13]).

In all patients, aspirin (300 mg/day) and clopidogrel (150 mg/day) were loaded or aspirin (100 mg daily) and clopidogrel (75 mg daily) started \>3 days before procedure. An intravenous bolus of 5,000 U of unfractionated heparin was given, and then additional heparin boluses were given to maintain activated clotting time \>300 sec during procedure. Aspirin (100 mg/day) and clopidogrel (75 mg/daily for 30 days) were prescribed to all patients after procedure.

In-hospital adverse outcomes were defined as the overall procedure was not successfully done since coronary wire or balloon catheter could not pass through the lesion; myocardial infarction was developed following PCI; patients underwent repeated PCI or emergent coronary artery bypass graft (CABG) surgery for target vessel revascularization (TVR). Myocardial infarction was defined as a CK-MB elevation greater than three times the upper normal limit or a new change of EKG findings. Between Group I and II, we compared MACE such as death, myocardial infarction and target vessel revascularization during a 30-day period.

Statistical analysis
--------------------

Statistical analysis was done using SPSS® Ver.12.0 for Windows. All data were represented as mean±standard deviation. Intergroup analysis was done using independent t-test and χ^2^ test, and intragroup analysis was done using paired t-test. Multivariate analysis was done to determine the factors related to MACE. Spearman correlation was used to examine the relationship between HOMA-IR and other laboratory findings. Statistical significance was set at *p*\<0.05.

RESULTS
=======

In studied patients, the mean age was 59.8±11.5 yr and a male-to-female ratio was 1.8:1. The mean value of HOMA-IR was 2.3±1.69, and 71 patients were into Group I (the value of HOMA-IR\<2.6) and 27 patients into Group II (the value of HOMA-IR≥2.6). Between Group I and II, there were no significant differences in cardiovascular risk factors including hypertension, diabetes mellitus and smoking ([Table 1](#T1){ref-type="table"}).

The concentrations of fasting plasma glucose were 101.2±13.89 mg/dL in Group I and 108.4±9.79 mg/dL in Group II, and those of fasting insulin were 11.9±4.99 µU/mL in Group I and 31.8±14.23 µU/mL in Group II ([Table 2](#T2){ref-type="table"}). The concentration of triglyceride was significantly higher in Group II than in Group I (151.4±192.43 mg/dL vs. 94.5±62.86 mg/dL, *p*=0.028). HOMA-IR was correlated with body mass index (r=0.489, *p*\<0.001), levels of total cholesterol (r=0.204, *p*=0.045), triglyceride (r=0.334, *p*=0.001), and apolipoprotein B (r=0.212, *p*=0.038).

Coronary angiography revealed the presence of significant stenosis in 64 patients (Group I; 43 patients, Group II; 21 patients). There was no significant differences in the prevalence of multi-vessel disease between the two groups (*p*=0.164). The lesion locations were left anterior descending artery (LAD) in 72.1%, left circumflex artery (LCX) in 16.3% and right coronary artery (RCA) in 11.6% of Group I; and LAD in 47.6%, LCX in 19.0% and RCA in 33.3% of Group II (*p*=0.085). According to the American College of Cardiology and American Heart Association (ACC/AHA) classification, Type B~1~ was demonstrated in 44.2%, Type B~2~ in 34.9% and Type C in 20.9% of Group I; and Type B~1~ in 28.6%, Type B2 in 33.3% and Type C in 33.3% of Group II (*p*=0.283). Preprocedural TIMI flow grades were grade 0 in 16.3%, grade I in 7.0%, grade II in 9.3% and grade III in 67.4% of Group I; and grade 0 in 19.0%, grade I in 9.5%, grade II in 19.0% and grade III in 52.5% of Group II (*p*=0.623).

In 59 patients, PCI was performed with an angiographic success rate of 94.9% ([Table 3](#T3){ref-type="table"}). The procedural failure due to crossing failure of guide wire or balloon catheter occurred in no patient (0.0%) of Group I and 2 patients (11.1%) of Group II. Procedure-related complications included one case of myocardial infarction (2.4%) in Group I; and two cases of myocardial infarction (11.1%), one case of emergent CABG (5.6%) in Group II. The procedure-related complications were more prevalent in Group II than Group I (*p*=0.008). The MACE at 30-day follow-up was 1 case (2.4%) of TVR in Group I and 4 cases (22.2%) of TVR in Group II, and the incidence of MACE was significantly higher in Group I than Group II (*p*=0.008).

Multivariate analysis revealed that the value of HOMA-IR ≥2.6 was the independent prognostic indicators for MACE (*p*=0.048) ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

Our clinical study indicated that high HOMA-IR value is related with the high incidence of complications and shortterm major adverse cardiac events (MACE) following PCI even in non-diabetic patients.

Insulin resistance plays a crucial role in the development of metabolic disorder accompanied by obesity, dyslipidemia, diabetes mellitus, impaired glucose tolerance and hypertension; and is also closely related to the incidence of cardiovascular disease ([@B14]-[@B22]). Hyperinsulinemia is an only indirect indicatorfor insulin sensitivity. Several large-scale studies have revealed that hyperinsulinemia is closely associated with the mortality due to cardiovascular disease ([@B14], [@B21], [@B23]). To date, however, few large-scale studies have been conducted to examinethe relationship between insulin resistance and coronary heart disease ([@B24], [@B25]). Recently, IRAS (insulin resistance atheroscleorsis study) group has conducted large-scale epidemiologic studies, and has reported that insulin resistance rather than insulin concentration is an independent, powerful risk factor for coronary heart disease ([@B26]).

The mechanism by which insulin resistance provokes cardiovascular disease is mainly associated with the development of metabolic syndrome. It is well established that non-diabetic patients with insulin resistance exhibits high concentration of serum triglyceride, hypertension and low concentration of HDL-cholesterol ([@B1], [@B4], [@B23], [@B24]). In recent years, among several types of apolipoprotein that determines the conformational stability and the metabolic direction of lipoprotein, apolipop-rotein B has been elevated particularly in patients with insulin resistance ([@B27], [@B28]). This has indicated that apolipoprotein B is associated with the development of cardiovascular disease. In addition, insulin resistance has been reported to reduce flow-mediated vasodilation (FMD) of brachial artery, and to thereby trigger the endothelial dysfunction ([@B20]). The present study has shown that the value of HOMA-IR was correlated with levels of triglyceride and inversely correlated with that of HDL-cholesterol, which is similar to the results of previous studies ([@B1], [@B23], [@B24]).

To date, only few studies based on coronary angiography have examined the relationship between insulin resistance and coronary atherosclerosis ([@B8], [@B24], [@B25]). According to Takezako et al., the profile of insulin resistance based on HOMA-IR model was correlated with severity of coronary atherosclerosis based on Gensini\'s score ([@B8]). Other studies have reported that the incidence of MACE following PCI was higher in non-diabetic patients with high concentration of HbA1c than those with low concentration of HbA1c, although these studies did not evaluate using insulin resistance ([@B29]). Here, the concentration of HbA1c was lower in non-diabetic patients than in diabetic patients although it was \'high\'. On the other hand, some studies have reported that hyperinsulinemia and insulin resistance measured by HOMA are closely associated with restenosis following stenting in non-diabetic patients ([@B9], [@B30]). In our series, we have predicted that since insulin resistance is the risk factor for coronary atherosclerosis and is associated with the mortality due to cardiovascular disease, it will affect the prognosis following PCI. As predicted, the results were that the higher value of HOMA-IR was associated with the higher incidence of MACE, since more TVR was performed in cases with higher value of HOMA-IR. Although our results were based on non-diabetic patients, these findings suggested that patients with high insulin resistance exhibited high incidences of complex and heavy calcified lesions, commonly noted in coronary artery of patients with diabetes mellitus. Henceforth, comparative studies will be conducted regarding this matter between diabetic and non-diabetic patients.

The limitation of present study has disclosed that it examined the small number of patients within a short period of time. To date, however, few studies have been conducted to examine whether insulin resistance is correlated with the prognosis following PCI. For this reason, the present study has its own value that it is a preliminary study for further large-scale studies. Moreover, the present study failed to testify the reproducibility since it did not measure the value of HOMA-IR in a repetitive manner during the period of admission. The concentrations of serum glucose and insulin can be altered at each different measuring time, although the present study measured them only once in the morning that diagnostic coronary angiogram was performed. However, HOMA-IR index is well reflected in euglycemic hyperinsulinemic clamp test, a standard test, and the clinical usefulness has been well established.

In conclusion, insulin resistance is associated with poor prognosis in non-diabetic patients after PCI. However, long-term large clinical follow-up studies should be conducted in diabetic and non-diabetic patients.
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Baseline clinical characteristics of Group I (the value of HOMA-IR \[homeostasis model assessment of insulin resistance\] \<2.6) and Group II (the value of HOMA-IR ≥2.6)
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PCI, percutaneous coronary intervention; MI, myocardial infarction; BMI, body mass index.
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Laboratory and coronary angiographic findings
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Hb, hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high-sensitivity C-reactive protein; HDL, high density lipoprotein; LDL, low density lipoprotein.
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The incidences of in-hospital and 30-day major adverse cardiac events
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PTCA, percutaneous transluminal coronary angioplasty; MI, myocardial infarction; ULN, upper limit of normal; CABG, coronary artery bypass graft; TVR, target vessel revascularization.
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Independent predictors for 30-day major adverse cardiac events after percutaneous coronary intervention
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HOMA-IR, homeostasis model assessment of insulin resistance; TIMI, Thrombolysis in myocardial infarction; ACC/AHA, American College of Cardiology/American Heart Association.
